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DUST COLLECTOR WITH EQUALIZED 
CLEANING PERFORMANCE 

BACKGROUND 

The present invention generally relates to the ?eld of par 
ticulate ?ltration assemblies and, more particularly, to sys 
tems for cleaning ?lters Within such assemblies. 

Particulate ?ltration assemblies function to remove con 
taminates from the air or other ?uid medium. One type of 
particulate ?ltration assembly is a dust collector for ?ltering 
dust particles out of the air. Dust collectors mainly use a ?lter 
media, such as a ?lter bag, to trap dust particles and alloW 
cleaned air to pass through the ?lter. Over time the trapped 
dust particles build up a dust cake on the upstream side (e.g, 
outside) of the ?lter media, greatly reducing the ef?ciency of 
the dust collector. 

Dust collectors typically include a system for cleaning the 
?lter media When it gets clogged With particulate. Such clean 
ing systems commonly are designed to shoot or force pres 
surized pulses of air into the opening of the ?lter media from 
doWnstream (e.g., inside) of the media. The air is often forced 
through a cleaning nozzle that accelerates the air to super 
sonic speeds prior to being forced toWard the ?lter media. The 
cleaning air momentarily ?oWs through and agitates the ?lter 
media by reversing the oncoming fan air, resulting in particu 
late dislodging and falling into a particulate removal system, 
such as a hopper. 

Cleaning systems for dust collectors commonly utilize a 
single bloWpipe for providing compressed air to multiple 
(e.g., as many as sixteen) nozzles. Each nozzle is positioned 
to provide high-velocity air to a corresponding ?lter media. 
As pressurized air is provided to one end of the bloWpipe from 
a manifold, all nozzles attached to the bloWpipe Will function 
to direct air to all corresponding ?lter media. 

SUMMARY 

When pressurized air is provided from the manifold to one 
end of the bloWpipe, the pressure pulse travels the length of 
the bloWpipe until it contacts the opposing, closed end of the 
bloWpipe. At that time, the pressure in the bloWpipe quickly 
builds, starting at the closed end of the bloWpipe and pro 
gressing back toWard the manifold. As the pressurized air 
travels the length of the bloWpipe and sequentially provides 
pressurized air to the nozzles, the pressure of the air reduces 
slightly. As a result, the pressure provided to the nozzle clos 
est to the manifold is slightly less than the pressure provided 
to the nozzle farthest from the manifold. This results in a 
difference in performance of the various nozzles positioned 
on the same bloWpipe. This phenomenon is illustrated in FIG. 
7, Which shoWs the pressure at three different nozzles after 
providing 100 psig air from the manifold to the bloW pipe. 
After an initial period of time of about 0.074 seconds, the 
pressure at the nozzle farthest from the manifold is higher 
than the pressure of the nozzle closest to the manifold, and 
remains that Way until the pressures have subsided. These test 
results shoW that there is a pressure differential of about 9.5% 
betWeen the nearest and farthest nozzles. 

The present invention recognizes this phenomenon and 
modi?es the nozzles accordingly in order to reduce the dif 
ference in performance of nozzles positioned on the same 
bloWpipe. More speci?cally, the present invention provides a 
particulate ?ltration device comprising ?lter media having an 
upstream surface and a doWnstream surface, a gas-moving 
device for moving gas through the ?lter media from the 
upstream surface toWard the doWnstream surface, and a 
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2 
cleaning assembly including a bloW pipe having a plurality of 
cleaning nozzles for directing a How of cleaning gas toWard 
the ?lter media. A ?rst one (e.g., a plurality) of the cleaning 
nozzles comprises a structural characteristic (e. g., throat size, 
exit angle, exit size) that is different than a second one (e. g., 
a plurality) of the cleaning nozzles. 

In one embodiment, the ?lter media comprises a ?lter bag 
corresponding With each nozzle, and both the ?rst one and the 
second one of the cleaning nozzles are spaced substantially 
the same distance from the corresponding ?lter bag. The 
cleaning assembly can also include a plurality of bloW pipes 
(e.g., each having a plurality of cleaning nozzles) coupled to 
a gas-pressurized manifold, and a valve positioned betWeen 
the manifold and each bloW pipe to control gas ?oWing from 
the manifold to the bloW pipes. In this con?guration, it is 
preferred that the nozzle nearer the manifold has a larger 
throat size, smaller exit angle, and larger exit size than the 
nozzle farther from the manifold. 

Other aspects of the invention Will become apparent by 
consideration of the detailed description and accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cut-aWay perspective vieW of a particulate 
?ltration device embodying the present invention. 

FIG. 2 is an enlarged partial vieW of the device of FIG. 1 
during a cleaning operation. 

FIG. 3 is a partially cut-aWay end vieW of another particu 
late ?ltration device embodying the present invention and 
having more ?lter bags. 

FIG. 4 is a section vieW taken along line 4-4 in FIG. 3. 
FIG. 5 is a section vieW taken along line 5-5 in FIG. 4. 
FIG. 6 is an enlarged section vieW of a nozzle used in the 

embodiment of FIG. 5. 
FIG. 7 is a chart that illustrates the phenomenon described 

in the Summary. 

DETAILED DESCRIPTION 

Before any embodiments of the invention are explained in 
detail, it is to be understood that the invention is not limited in 
its application to the details of construction and the arrange 
ment of components set forth in the folloWing description or 
illustrated in the folloWing draWings. The invention is capable 
of other embodiments and of being practiced or of being 
carried out in various Ways. Also, it is to be understood that 
the phraseology and terminology used herein is for the pur 
pose of description and should not be regarded as limiting. 
The use of “including,” “comprising,” or “having” and varia 
tions thereof herein is meant to encompass the items listed 
thereafter and equivalents thereof as Well as additional items. 
Unless speci?ed or limited otherwise, the terms “mounted,” 
“connected,” “supported,” and “coupled” and variations 
thereof are used broadly and encompass both direct and indi 
rect mountings, connections, supports, and couplings. Fur 
ther, “connected” and “coupled” are not restricted to physical 
or mechanical connections or couplings. 

FIGS. 1 and 2 illustrate a particulate ?ltration system, 
Which in the preferred embodiment is a dust collector 10 
designed to remove particulates 14, such as dust, from the air. 
The illustrated dust collector 10 includes a support assembly 
18, a particulate removal assembly 22 positioned Within the 
support assembly 18, a ?ltering assembly 26 positioned on 
top of the support assembly 18, and a cleaning assembly 30 
positioned on top of the ?ltering assembly 26. 
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The illustrated support assembly 18 includes support mem 
bers 34 that provide a rigid frame to Which the remaining 
assemblies may be mounted. The illustrated support assem 
bly 18 is generally square-shaped, and the support members 
34 include four legs positioned at the four comers of the 
square and diagonal braces that provide extra rigidity to the 
frame. In other constructions, the support assembly 18 may 
be different shapes and may have more or less support mem 
bers 34 of the same or different shape. In addition, more than 
four or less than four legs are conceivable. 

The illustrated particulate removal assembly 22 is posi 
tioned Within the support assembly 18 and is attached to the 
?lter assembly 26 such that the particulate removal assembly 
22 receives the particulates 14 that are removed from the air 
by the ?lter assembly 26. The particulate removal assembly 
22 includes a door (not shoWn) and a hopper 36 With a gen 
erally conical shape that funnels the particulates 14 into a 
container (not shoWn). The door is positioned in the hopper 3 6 
and is movable betWeen an open position and a closed posi 
tion. While in the closed position, the particulate removal 
assembly 22 inhibits air ?oW out of the particulate removal 
assembly 22 and collects the particulates 14 that are removed 
from the air by the ?lter assembly 26. In the open position, the 
particulate removal assembly 22 alloWs the collected particu 
lates 14 to escape the hopper 36 and be emptied into a con 
tainer for disposal. In other constructions, the particulate 
removal assembly may have other arrangements. For 
example, the hopper 36 may have a different pro?le and the 
door may be replaced With a poWered louver. Other arrange 
ments are also conceivable and are knoWn by those skilled in 
the art. 

The illustrated ?lter assembly 26 is positioned above the 
particulate removal assembly 22 and mounted on top of the 
support assembly 18. The ?lter assembly 26 includes an 
intake 38, a screen 40 covering the intake 38 and promoting 
an equal distribution of air?oW in the ?lter and preventing 
large objects from entering the ?lter assembly 26, a classi?er 
section 42, ?lter media 43 (eg ?lter bags), and a ?lter assem 
bly enclosure 44, Which includes four vertical Walls, and a top 
46, commonly referred to as a “tubesheet”. The bottom of the 
?lter assembly 26 is open to provide access to the particulate 
removal assembly 22 such that the particulates 14 collected in 
the ?lter assembly 26 are alloWed to fall into the particulate 
removal assembly 22. The classi?er section 42 is a space 
betWeen the ?lter assembly enclosure 44 adjacent the screen 
40 and the ?lter media 43 closest to the screen 40. The 
classi?er section 42 is illustrated as an empty space and 
provides an area for larger particulates 14 to drop out of the air 
thereby reducing the load on the ?lter media 43. In addition, 
baf?es could be added to the classi?er section 42 to further 
remove particulates 14. The top 46 de?nes one or more open 
ings 54 aligned With the ?lter media 43 and through Which 
?ltered air can ?oW out of the ?lter assembly 26 and into the 
cleaning assembly 30. To escape the ?lter assembly 26, the air 
must pass through the ?lter media 43 to gain access to the 
openings 54 and pass into the cleaning assembly 30. A fan 56 
moves air through the dust collector 10. In other construc 
tions, different ?lter media 43 may be used and the ?lter 
assembly may be arranged differently as is knoWn by those 
skilled in the art. For example, the classi?er section may have 
a different arrangement or may be removed. 

The illustrated cleaning assembly 30 is positioned on top of 
the ?lter assembly 26 and includes a cleaning assembly 
enclosure 58, an exhaust 62, and an advanced cleaning system 
66. The cleaning assembly enclosure 58 includes four vertical 
Walls and a top. The illustrated exhaust 62 is attached to the 
side of the cleaning assembly enclosure 58 and directs 
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4 
cleaned air out of the dust collector 10. In other constructions, 
the exhaust 62 may be arranged differently and may be 
attached to a different side of the cleaning assembly enclosure 
58. 
As is best seen in FIG. 2, the advanced cleaning system 66 

includes a primary distribution member 70, one or more sec 
ondary distribution members in the form of bloWpipes 74 
attached to the primary distribution member 70, and one or 
more noZZles 110 coupled to the bloWpipes 74. The primary 
distribution member 70 distributes bursts of pressurized air to 
the bloWpipes 74, Which in turn supply the noZZles 110 With 
bursts of pressurized air. As the pressurized airpasses through 
the noZZles 110, it is directed into a stream of cleaning air 114 
Which is directed into the openings 54 and doWnWard though 
the ?lter media 43. 

In operation, air including particulates 14 enters the ?ltra 
tion assembly 26 of the dust collector 10 through the intake 38 
Where the screen 40 inhibits large particulates 14 from enter 
ing the ?lter assembly enclosure 44. Once inside the ?lter 
assembly enclosure 44 the air moves in a “doWn?oW” air 
pattern toWard the ?lter media 43. First, the air Will pass 
through the classi?er section 42 Where more particulates 14 
Will drop out. After the classi?er section 42, the air enters into 
contact With the ?lter media 43, and the remaining particu 
lates 14 are trapped on the ?lter media 43 before the clean air 
exits through the openings 54 and enters the cleaning assem 
bly 30 and exits the dust collector 10. 
The ?ltering assembly 26 provides several advantages due 

to the “doWn?oW” air pattern, the geometry of the openings 
54, and other features not mentioned. The “doWn?oW” air 
pattern guides the particulates 14 doWn to the bottom of the 
?lter assembly 26 and into the particulate removal assembly 
22. This causes more particulates 14 to fall out in the classi?er 
section 42 and feWer particulates 14 to be deposited on the 
?lter media 43. Due to the geometry of the openings 54, the 
particulates 14 that are trapped by the ?lter media 43 tend to 
build up a more even dust cake along the entire length of the 
?lter media 43. This even dust cake promotes a better ?ltering 
ef?ciency and alloWs for more thorough cleaning With loWer 
bag Wear. In addition, the resulting dust cake produces a loWer 
pressure drop betWeen the ?ltering assembly 26 and the 
cleaning assembly 30 because there is no restriction (venturi) 
at the top of the bag opening. The loWer pressure drop and 
higher ?lter ef?ciency alloW the dust collector 10 to function 
at high ef?ciency and volume With signi?cantly less ?lter 
media 43. 
When a signi?cant amount of particulate 14 covers the 

?lter surface 32, the ?lter media 43 should be cleaned. During 
the cleaning operation (as is best seen in FIG. 2), the cleaning 
assembly 30 uses bursts of high velocity air to clean the ?lter 
media 43 thus increasing ef?ciency and prolonging the life of 
the ?lter media 43. In the illustrated embodiment, the pres 
suriZed air is provided to each bloWpipe 74 and directed to 
each noZZle 110 on the bloWpipe 74. Each noZZle 110 directs 
bursts of high velocity air into the mouth of the ?lter media 43 
through the opening 54. The high velocity air is sloWed before 
entering the opening 54 by a pluming effect, such that the air 
reaches the mouth of the ?lter media 43 at ideal cleaning 
velocities. In one embodiment, the ideal cleaning velocity is 
betWeen about one-hundred-?fty and tWo-hundred-?fty feet 
per second at the opening 54. In other embodiments, different 
velocities may be ideal as is knoWn by those skilled in the art. 
The illustrated dust collector 10 does not need to stop 

operation to perform a cleaning operation. The loW pressure 
drop created betWeen the ?ltering assembly 26 and the clean 
ing assembly 30 is easily overcome by the stream of cleaning 
air 114 even While the ?ltering assembly 26 is running. The 
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cleaning operation forces high pressure air through the pri 
mary distribution member 70 Where the high pressure air is 
distributed to the bloWpipes 74, and forced thorough the 
nozzles 110 and directed into streams of cleaning air 114 that 
are directed into the mouth of the ?lter media 43 through the 
openings 54. The streams of cleaning air 114 are shot into the 
?lter media 43 in bursts so as to rapidly in?ate the ?lter media 
43 and produce a shock or upset that causes the particulates 14 
that are trapped on the ?lter media 43 to dislodge and fall to 
the ?lter assembly ?oor 50 and then doWn to the particulate 
removal assembly 22. 

The nozzles 110 are high velocity supersonic nozzles 
designed to provide a greater volume of induced cleaning air 
and a more even bag in?ation. The greater volume of induced 
cleaning air produces a larger stream of cleaning air 114 and 
increases cleaning potential. The even bag in?ation alloWs the 
?lter media 43 to be cleaned more thoroughly, With less shock 
to the ?lter media 43. This results in loWer Wear and longer 
life for the ?lter media 43. 

FIGS. 3 and 4 illustrate a much larger dust collector 200 
having tWo-hundred-?fty-six ?lter bags 202. The duct collec 
tor 200 includes an upper bin 204 de?ning a clean air cham 
ber, a loWer bin 206 de?ning a dirty air chamber, and a hopper 
208 for directing particulate removed from the bags 202. A 
rotary air lock 210 (FIG. 3 only) is mounted to the bottom of 
the hopper 208 for the discharge of collected particulate. 

The duct collector 200 further includes a manifold 212 for 
providing compressed air to a series of diaphragm valves 214. 
Each diaphragm valve 214 is controlled to selectively provide 
compressed air to a series of bloW pipes 216. 

Referring to speci?cally to FIG. 4, each bloW pipe 216 
extends substantially the full Width of the upper bin 204 and 
includes sixteen cleaning nozzles 218,220. Each cleaning 
nozzle 218,220 is aligned With the opening 222 of a corre 
sponding ?lter bag 202. Due to the phenomenon described 
above in the Summary of the Invention, the pressure of the air 
provided to the nozzles 218,220 on a particular bloW pipe 216 
is not consistent along the length of the bloW pipe 216. That is, 
the pres sure experienced by the nozzles on the end of the bloW 
pipe 216 nearest the manifold 212 (“nearest nozzles 218”) is 
typically loWer than the pressure experienced by the nozzles 
farthest from the manifold 212 (“farthest nozzles 220”). In 
order to account for this difference in pressure, the con?gu 
ration of the nearest nozzles 218 is different than the con?gu 
ration of the farthest nozzles 220. 

In the illustrated embodiment, the goal Was to modify the 
con?guration of the nearest nozzles 218 so that they achieve 
a ?oW rate (i.e., Weight ?oW rate of air) that is closer to that of 
the ?oW rate of the farthest nozzles 220, even though the 
pressure of the air provided to the nearest nozzles 218 is less 
than the pressure of the air provided to the farthest nozzles 
220. In order to achieve this, three nozzle characteristics Were 
modi?ed: throat size A, exit angle 0t, and exit size B. In the 
illustrated embodiment, tWo different nozzle con?gurations 
Were used, one for the eight nearest nozzles 218, and the other 
for the eight farthest nozzles 220. It should be understood that 
a larger number of different nozzle con?gurations could be 
used. For example, 16 different nozzle con?gurations could 
be used along the length of the bloW pipe 216 to achieve a 
more uniform ?oW rate through the different nozzles. 

Referring to FIG. 5, in the illustrated embodiment, each 
?lter bag 202 is cylindrical in shape and the opening 222 of 
each bag 202 has a diameter C of about 4.7906 inches. The 
center of each bloW pipe 216 is positioned a distance D of 
about 18.0 inches from the open end of the corresponding 
?lter bag 202. Each nozzle includes a converging section 230, 
a throat 232, and a diverging section 234. The throat 230 is 
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positioned a distance E of about 16.9638 inches from the open 
end of the corresponding ?lter bag 202. 
The throat size A is de?ned as the size of the narroWest 

portion of the nozzle betWeen the converging section 230 and 
the diverging section 234. The exit angle 0t is de?ned as an 
angle at Which the air exits the nozzle, and is commonly 
referenced as a half angle. The exit size B is the size of the 
nozzle at the nozzle exit. The nozzles also include an inlet 
length F, an outlet length G, and an overall length H. In the 
illustrated embodiment, because a cross-section of the 
nozzles at any location along the length of the nozzle pro 
duces a circular interior con?guration, the throat size A and 
exit size B are commonly given as a diameter. 

Referring to FIG. 6, in the illustrated embodiment, the 
eight nearest nozzles 218 have a throat size/diameter A of 
about 0.324 inches, an exit angle 0t of about 7.5 degrees, an 
exit size/diameter B of about 0.382 inches, an inlet length F of 
about 0.180 inches, an outlet length G of about 0.220 inches, 
and an overall length H of about 0.400 inches. The eight 
farthest nozzles 220 have a throat size/diameter A of about 
0.3125 inches, an exit angle 0t of about 7.5 1 91 degrees, an exit 
size/diameter B of about 0.3750 inches, an inlet length F of 
about 0.180 inches, an outlet length G of about 0.237 inches, 
and an overall length H of about 0.417 inches. It should be 
understood that the present invention is not limited to the 
speci?c dimensions listed above. In fact, depending on the 
parameters that one is trying to achieve, the dimensions listed 
above could be quite different and/or other dimensions could 
be modi?ed to achieve the desired goal. 

Thus, the invention provides, among other things, a unique 
combination of nozzles on a bloWpipe that achieves a more 
equalized ?aW rate betWeen the nozzles. Various features and 
advantages of the invention are set forth in the folloWing 
claims. 
What is claimed is: 
1. A particulate ?ltration device comprising: 
?lter media having an up stream surface and a doWnstream 

surface; 
a gas-moving device for moving gas through the ?lter 

media from the upstream surface toWard the doWn 
stream surface; and 

a cleaning assembly including a bloW pipe having a plu 
rality of cleaning nozzles for directing a ?oW of cleaning 
gas toWard the ?lter media, Wherein a ?rst one of the 
cleaning nozzles comprises a structural characteristic 
that is different than a structural characteristic of a sec 
ond one of the cleaning nozzles to affect the ?oW rate 
through the nozzles, and Wherein the ?rst one of the 
cleaning nozzles and the second one of the cleaning 
nozzles are non-coaxial. 

2. A particulate ?ltration device as claimed in claim 1, 
Wherein a plurality of the cleaning nozzles have structural 
characteristics substantially similar to the ?rst one of the 
cleaning nozzles, and Wherein a plurality of the cleaning 
nozzles have structural characteristics substantially similar to 
the second one of the cleaning nozzles. 

3. A particulate ?ltration device as claimed in claim 1, 
Wherein the structural characteristic comprises a throat size. 

4. A particulate ?ltration device as claimed in claim 1, 
Wherein the structural characteristic comprises an exit angle. 

5. A particulate ?ltration device as claimed in claim 1, 
Wherein the structural characteristic comprises an exit size. 

6. A particulate ?ltration device as claimed in claim 1, 
Wherein the ?lter media comprises a ?lter bag corresponding 
With each nozzle, and Wherein both the ?rst one and the 
second one of the cleaning nozzles are spaced substantially 
the same distance from the corresponding ?lter bag. 
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7. A particulate ?ltration device as claimed in claim 1, 
Wherein the cleaning assembly includes a plurality of blow 
pipes coupled to a gas-pressurized manifold, and a valve 
positioned betWeen the manifold and each bloW pipe to con 
trol gas ?owing from the manifold to the bloW pipes, Wherein 
each bloW pipe has a plurality of cleaning noZZles. 

8. A particulate ?ltration device as claimed in claim 7, 
Wherein, When a valve is opened to alloW pressurized gas to 
enter the corresponding bloW pipe, a static pressure at a 
noZZle nearer the manifold is less than a static pressure at a 
noZZle farther from the manifold. 

9. A particulate ?ltration device as claimed in claim 8, 
Wherein each noZZle has a throat siZe, an exit angle, and an 
exit siZe, and Wherein the noZZle nearer the manifold has a 
larger throat siZe than the noZZle farther from the manifold. 

10. A particulate ?ltration device as claimed in claim 8, 
Wherein each noZZle has a throat siZe, an exit angle, and an 
exit siZe, and Wherein the noZZle nearer the manifold has a 
smaller exit angle than the noZZle farther from the manifold. 

11. A particulate ?ltration device as claimed in claim 8, 
Wherein each noZZle has a throat siZe, an exit angle, and an 
exit siZe, and Wherein the noZZle nearer the manifold has a 
larger exit siZe than the noZZle farther from the manifold. 

12. A cleaning assembly for a particulate ?ltration device 
including ?lter media, the cleaning assembly comprising: 

a bloW pipe; 
a plurality of cleaning noZZles positioned to receive gas 

from the bloW pipe and adapted to direct a How of clean 
ing gas toWard the ?lter media, Wherein a ?rst one of the 
cleaning noZZles comprises a structural characteristic 
that is different than a structural characteristic of a sec 
ond one of the cleaning noZZles to affect the How rate 
through the noZZles, and Wherein the ?rst one of the 
cleaning noZZles and the second one of the cleaning 
noZZles are non-coaxial. 
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13. A cleaning assembly as claimed in claim 12, Wherein a 

plurality of the cleaning noZZles have structural characteris 
tics substantially similar to the ?rst one of the cleaning 
noZZles, and Wherein a plurality of the cleaning noZZles have 
structural characteristics substantially similar to the second 
one of the cleaning noZZles. 

14. A cleaning assembly as claimed in claim 12, Wherein 
the structural characteristic comprises a throat siZe. 

15. A cleaning assembly as claimed in claim 12, Wherein 
the structural characteristic comprises an exit angle. 

16. A cleaning assembly as claimed in claim 12, Wherein 
the structural characteristic comprises an exit siZe. 

17. A cleaning assembly as claimed in claim 12, Wherein 
the cleaning assembly comprises a plurality of bloW pipes 
coupled to a gas-pressurized manifold, and a valve positioned 
betWeen the manifold and each bloW pipe to control gas 
?oWing from the manifold to the bloW pipes, Wherein each 
bloW pipe has a plurality of cleaning noZZles. 

18. A particulate ?ltration device as claimed in claim 17, 
Wherein each noZZle has a throat siZe, an exit angle, and an 
exit siZe, and Wherein the noZZle nearer the manifold has a 
larger throat siZe than the noZZle farther from the manifold. 

19. A particulate ?ltration device as claimed in claim 17, 
Wherein each noZZle has a throat siZe, an exit angle, and an 
exit siZe, and Wherein the noZZle nearer the manifold has a 
smaller exit angle than the noZZle farther from the manifold. 

20. A particulate ?ltration device as claimed in claim 17, 
Wherein each noZZle has a throat siZe, an exit angle, and an 
exit siZe, and Wherein the noZZle nearer the manifold has a 
larger exit siZe than the noZZle farther from the manifold. 


